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VD/VTAbstract Background: The use of indices to predict weaning outcome in type II respiratory failure
can avoid premature extubation and unnecessary prolongation of ventilatory support. Rapid shal-
low breathing index (RSBI) is superior to other measurements for predicting weaning success. Sev-
eral studies, however, have suggested that RSBI may not have adequate accuracy to be used
routinely in the weaning process.
Aim of the study: To study the value of RSBI measured at initiation and termination of a spon-
taneous breathing trial in predicting weaning outcome for patients with acute on top of chronic type
II respiratory failure.
Patients and methods: This study enrolled 84 known cases of COPDwho had received mechanical
ventilatory support due to acute on top of chronic type II respiratory failure that was evidenced by
ABG analysis. They were admitted in the respiratory ICU at Giza Chest Hospital. They were sub-
jected to full history taking, clinical examination, twice daily ABG analysis and A-P chest X-ray. The
RSBI measurements were performed in two different ways: 1-with the help of pressure support (PS
10 cmH2O; PEEP 5 cmH2O), called RSBIpsv for 2 h. RSBIpsvwas measured at the start (RSBIPS1)
and after 2 h of trial (RSBIPS2). 2-RSBI was re-measured again using spirometry RSBIsp while
patients were breathing spontaneously through T-tube for another 2 h. RSBIsp was measured at
the start (RSBISP1) and after 2 h of trial (RSBISP2). So the total time of the spontaneous breathing
trial was 4 h. The arterial to end-tidal CO2 gradient was also determined at the end of the 4 h SBT
and subsequently alveolar dead space was calculated for each patient. Patients were further classiﬁed
into group 1 (successful weaning n= 51) and group 2 (failed weaning n= 33).
Results: Binary logistic regression analysis for our results showed that RSBIsp2 (spirometry)
and PaCO2  PeCO2 difference were signiﬁcant predictors of outcome. Since the odds ratio is less
than 1 for both predictors (0.971 and 0.715, respectively), lower values of RSBIsp2 (spirometry)
and lower values of PaCO2  PeCO2 difference (and hence VD/VT) are more likely to have
successful weaning.
466 H.A. Abu Youssef et al.Conclusion: RSBIsp measured through spirometry at the end of SBT is a better predictor of
weaning outcome than RSBIpsv measured through pressure support. Our result also reveal that
dead space fraction (Vd/Vt) together with PACO2–PECO2 difference are good adjunctive tools
for predicting weaning outcome in type II respiratory failure.
 2016 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Although invasive mechanical ventilation (MV) is required in
nearly half of all patients under intensive care, it is associated
with a number of complications, especially when it is used for
prolonged periods [1].
Weaning is a transmission process through which patients
resume spontaneous breathing after mechanical ventilation.
Accurate weaning time is critically important in the intensive
care unit (ICU) and respiratory care unit (RCU) [2].
Any delay in ventilation removal may lead to ventilator
acquired pneumonia and other possible side effects [2]. On
the other hand, premature removal may increase the length
of ICU stay or result in patient’s death [3].
Re-intubation occurs in approximately 20% of all
extubations within 24–72 h of planned extubation [4] and is
associated with a greater risk of nosocomial pneumonia,
greater mortality rates, longer ICU stays and longer exposure
to MV, as well as increasing the chance of tracheostomy
[5].
The use of indices to predict weaning outcome in type II
respiratory failure can avoid premature extubation and unnec-
essary prolongation of ventilatory support. None of the
reported indices, however, have been consistently able to pre-
dict weaning outcome [6].
Most reported weaning indices have been measured at the
beginning of the weaning process, often after a patient has
been fully or partially supported by mechanical ventilatory
support [6]. Various weaning predictors have been developed
for deciding the time to wean patients off a ventilator [7].
Among them, the rapid shallow breathing index (RSBI) is
superior to others for predicting weaning success [8].
RSBI was ﬁrst proposed by Yang and Tobin [9], and it is
expressed by the relationship between respiratory rate (rr)
and tidal volume (Vt) measured by a spirometer with the
patient breathing spontaneously for 1 min (RSBI1). Values
greater than 105 cycles/min/L were considered predictive of
unsuccessful weaning and extubation. RSBI was more accurate
and powerful in predicting weaning outcome than other tradi-
tional indices [9]. This ﬁnding was supported by other studies
in adults [8] as well as in children [10].
Several studies, however, have suggested that RSBI1 may
not have adequate accuracy to be used routinely in the wean-
ing process [6]. Serial measurements of RSBI may be more use-
ful in the weaning process [11]. Nevertheless, the predictive
value of RSBI measured at the termination of a 2-h SBT
remains unclear [6].
Aim of this work was to study the value of the RSBI mea-
sured at initiation and termination of a spontaneous breathing
trial in predicting weaning outcome for patients with acute on
top of chronic type II respiratory failure.Subjects and methods
This prospective study enrolled 84 known cases of chronic
obstructive pulmonary disease (COPD) who had received
mechanical ventilatory support due to acute on top of chronic
type II respiratory failure that was evidenced by arterial blood
gases analysis (ABG). They were admitted in the respiratory
ICU at Giza Chest Hospital from April 2013 to March 2014.
All patients were subjected to: full history taking through
the relatives and full clinical examination, routine ABGs twice
daily and as needed and daily chest X-ray to exclude complica-
tions e.g.: pneumonia, pneumothorax, etc. Patients with signif-
icant cardiac ischemia, arrhythmia or left ventricular
dysfunction, with prior tracheostomy or who had been intu-
bated with an endotracheal tube <7 mm in internal diameter
[12], Glasgow coma scale (GCS) 6 9 or lacking the ability to
control airways while having copious secretions were all
excluded.
Patients were considered to be ready for weaning based on
the following criteria: partial or complete recovery from acute
respiratory failure documented by ABG analysis, adequate gas
exchange as indicated by a ratio of the partial pressure of arte-
rial oxygen (PaO2) to the fraction of inspired oxygen (FiO2)
above 150 with a positive end expiratory pressure (PEEP) of
less than 5 cm H2O, stable hemodynamics without the need
for vasoactive or intravenous sedative agents and there were
no copious secretions.
The decision for reinstitution of mechanical ventilation
(trial failure) was made based on the following criteria: respi-
ratory rate > 35 breaths/min, PaO2 < 55 mmHg while the
patient was on O2 therapy through T tube using venturi tube
40%, SpO2 < 90% on 50% inspired oxygen; subjective dis-
tress or diaphoresis, heart rate increment > 20 beats/min, sys-
tolic blood pressure decrement > 20 mmHg and arrhythmia
(an increase in premature ventricular beats > 4/min or new
onset of sustained supraventricular rhythm).
Weaning was classiﬁed as successful if patients could main-
tain spontaneous breathing at 48 h after extubation; otherwise,
weaning was classiﬁed as failed [12].
Weaning failure was attributed to either: (1) Extubation
failure: deﬁned as extubation after SBT but requiring re-
intubation for mechanical ventilatory support in the following
48 h. For patients who received non-invasive ventilation (NIV)
after extubation, inability to withdraw from NIV at 48 h after
extubation was also classiﬁed as extubation failure in this
study. (2) Trial failure: deﬁned as continued intubation after
SBT.All enrolled patients were subdivided into: group 1; with
successful weaning (n= 51) and group 2; with failed weaning
(n= 33).
Before the measurements were taken, the patient was
placed in the supine position with the trunk ﬂexed at 45
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pressure as well as the heart rate [13].
RSBI measurements
RSBI measurements were performed in two different ways: (1)
with the help of pressure support (PS 10 cm H2O; PEEP 5 cm
H2O), called RSBIpsv for 2 h. (2) using the method described
by Yang and Tobin [9], called RSBIsp with patients breathing
spontaneously through T-tube for another 2 h. So the total
time of the spontaneous breathing trial (SBT) was 4 h.
The RSBIpsv1 was calculated by noting the respiratory rate
(RR), exhaled tidal volume (EVt), and minute volume (VE)
obtained from the ventilator’s display as the patient was
already connected to the MV. And after 2 h RSBIpsv2 was cal-
culated in the same way.
After 2 h of pressure support the patient was evaluated for
the possibility of T-tube trial. If signs of distress were evident
the trial was terminated and patient was switched to assist con-
trol mode on the ventilator and if no signs of distress were
noted, proceeding to T-tube trial was done.
Immediately after disconnection of the ventilator and just
before T tube trial, a desktop spirometer (MicroLab, Cardinal
Health UK) was connected to the endotracheal tube to mea-
sure the RSBISP1. RSBISP1 was determined immediately
when intubated patients breathed room air spontaneously for
1 min after discontinuation of ventilatory support.
RSBIsp was calculated by dividing the average respiratory
rate (RR, breaths/min) counted by the naked eye of an obser-
ver by the average tidal volume (VT, liters) that was measured
by the spirometer with a touch screen. This spirometry is
equipped with the proprietary digital volume transducer,
which is particularly well suited to measuring very low ﬂow
rates in patients with COPD. A clean reusable piece was
attached into the transducer holder and was connected to the
endotracheal tube (ETT).The SBT through T-tube lasted for
2 h, while patients were supplemented with oxygen therapy
at 31–35% through venturi tube.
RSBIsp2 was remeasured at the termination of the SBT in
the same way as RSBIsp1 was measured, either just before
extubation or before mechanical ventilation was reinstituted.
End tidal CO2 (ETCO2) measurements
The ETCO2 was measured at the start of the SBT on pressure
support using an end-tidal CO2 analyzer (CapnoQuant 9040
ENVITEC-WISMAR, Germany).
The CapnoQuant 9040 is a side-stream capnometer. A
small pump in the instrument that can be set to ﬂow at 50,
100 or 150 ml/minute, extracts a sample of gas exhaled by
the patient. The gas is directed through a dry ﬁlter into a mea-
surement cell where the CO2 concentration of the gas is ana-
lyzed. The measurement method is based on infrared
absorption spectrometry.
We connected the special T-shaped tube airway adaptor
between the endotracheal tube and ventilators’s tubing
through the Y piece. The EnviteC connecting nose is then con-
nected to the tube adapter’s Luerlock. The patient’s breathing
gas is aspirated by the capnometer through the connecting
hose which is attached via the Luerlock connection to the tube
adapter (on the patient side) and to the water ﬁlter (on the
device side).After proper calibration and an equilibration time of 3 min
with stable hemodynamic and respiratory variables, ETCO2
was determined and the highest reading was recorded. The
ETCO2 was measured again in the same way at the end of
the 4 h SBT on T-tube.
At the end of the 4 h SBT, blood samples were drawn by
radial arterial puncture. Samples were immediately analyzed
for partial pressure of carbon dioxide (PaCO2) using a blood
gas analyzer (Stat Profile, pHOx Series. Nova Biomedical.
Waltham, USA), and the arterial to end-tidal CO2 gradient
was determined. Subsequently alveolar dead space was
calculated for each patient using the Enghoff modification of
the Bohr equation:
Pulmonary dead space fraction ðVd=VtÞ ¼ PaCO2  PeCO2
PaCO2
where PeCO2 is the partial pressure of carbon dioxide in mixed
expired gas and is equal to the mean expired carbon dioxide
fraction multiplied by the difference between the atmospheric
pressure and the water–vapor pressure. PaCO2 is the arterial
CO2 tension obtained through ABG.
All patients who passed the 4-h SBT were extubated.
Statistical analysis
Quantitative data were presented as mean, median, standard
deviation (SD) and range (Minimum–Maximum) values.
Mann–Whitney U test was used for comparisons between the
two groups regarding non-parametric data while student’s
t-test was used for parametric data.
Forward LR method was used for building the regression
model. The odds ratio (OR), regression coefﬁcient (B), stan-
dard error (SE) and 95% conﬁdence interval (95% CI) of
the odds ratio were calculated.
ROC (Receiver Operating Characteristic) curve was con-
structed to evaluate diagnostic accuracy (prediction of out-
come by different indices). The curve was also used to
determine the cut-off values of the indices. Areas under the
ROC curve (AUCs) were compared using z-statistic.
Wilcoxon signed-rank test was used to compare beween
RSBIpsv and RSBIsp.
Results
The present study was conducted on 84 known cases of COPD
who had received mechanical ventilatory support due to acute
on top of chronic type 2 respiratory failure. All of them were
admitted at Giza Chest Hospital ICU between April 2013
and March 2014. The participants consisted of 66 males
(78.6%) and 18 females (21.4%). The mean ± standard devia-
tion (SD) values of age were 60.8 ± 9.9 years. Patients were
divided into 2 groups: group 1 with successful weaning
(n= 51), group 2 with failed weaning (n= 33).
The present study showed there was no statistically signiﬁ-
cant difference between the two groups regarding gender distri-
butions as well as mean age values as shown in Table 1,
RSBIpsv1 as well as RSBIpsv2 as shown in Table 2 and
RSBIsp1 as shown in Table 3. As regards RSBIsp2, successful
weaning cases showed statistically signiﬁcant lower mean value
than failure cases as shown in Table 3.
Table 1 Statistical comparison of demographic data between
the two groups.
Demographic data Success (n= 51) Failure (n= 33) P-value
Gender (n%)
Male 41 (80.4) 25 (75.8) 0.613
Female 10 (19.6) 8 (24.2)
Age (years)
Mean ± SD 61.3 ± 9.2 59.8 ± 10.9 0.506
Table 2 Statistical comparison of RSBIpsv between the two
groups.
RSBI Success (n= 51) Failure (n= 33) P-value
RSBIPSV1
Mean ± SD 49.1 ± 18.5 57.1 ± 22.1 0.093
RSBIPSV2
Mean ± SD 54.0 ± 23.1 56.8 ± 19.1 0.492
Table 3 Statistical comparison of RSBIsp between the two
groups.
RSBISP Success (n= 51) Failure (n= 33) P-value
RSBISP1
Mean ± SD 72.9 ± 27.8 96.0 ± 63.2 0.227
RSBISP2
Mean ± SD 73.8 ± 28.8 114.8 ± 72.0 0.011*
* Signiﬁcant at P 6 0.05.
Table 4 Statistical comparison between RSBIpsv1 and
RSBIpsv2 in the 2 groups.
Group RSBIpsv1 RSBIpsv2 P-value
Success
Mean ± SD 49.1 ± 18.5 54.0 ± 23.1 0.038*
Failure
Mean ± SD 57.1 ± 22.1 56.8 ± 19.1 0.905
* Signiﬁcant at P 6 0.05.
Table 5 Statistical comparison between RSBIsp1 and
RSBIsp2 in the 2 groups.
Group RSBISP1 RSBISP2 P-value
Success
Mean ± SD 72.9 ± 27.8 73.8 ± 28.8 0.775
Failure
Mean ± SD 96.0 ± 63.2 114.8 ± 72.0 0.004*
* Signiﬁcant at P 6 0.05.
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two groups, the present study showed there was a statistically
signiﬁcant increase in mean RSBIpsv in the success group as
shown in Table 4, While for RSBIsp, there was a statistically
signiﬁcant increase in mean value in the failure group as shown
in Table 5.
ROC curve analysis of RSBIpsv1 and RSBIpsv2 in the pre-
sent study showed cut-off values of 51 and 57, respectively.
RSBIpsv1 showed a higher diagnostic accuracy of 61.9% com-
pared to RSBIpsv2 which showed a diagnostic accuracy of
58.4%. However, pair-wise comparisons between the two
indices showed non-statistically signiﬁcant difference as shown
in Tables 6 and 7.
ROC curve analysis of RSBIsp1 and RSBIsp2 in the present
study showed cut-off values of 67 and 80, respectively.RSBIsp2 showed a higher diagnostic accuracy (64.3%) com-
pared to RSBIsp1 which showed a diagnostic accuracy of
60.5%. However, pair-wise comparisons between the two
indices showed a non-statistically signiﬁcant difference as
shown in Tables 8 and 9.
The present study found that successful weaning cases
showed a statistically signiﬁcant lower mean PaCO2  PeCO2
difference and hence VD/VT than failure cases as shown in
Tables 10 and 11.
ROC curve analysis of VD/VT in the present study showed
a cut-off value of 0.40 as shown in Table 12 and Fig. 1.
Binary logistic regression analysis for our results showed
that RSBIsp2 (spirometry) and PaCO2  PeCO2 difference
were signiﬁcant predictors of outcome. Since the odds ratio
is less than 1 for both predictors (0.971 and 0.715, respec-
tively), so lower values of RSBIsp2 (spirometry) and lower val-
ues of PaCO2  PeCO2 difference are more likely to have
successful weaning as shown in Table 13.
Discussion
An acute exacerbation of COPD (AECOPD) is an acute event
characterized by worsening of the patient’s respiratory symp-
toms that is beyond normal day to day variation and leads
to a change in medications [14].
The major physiologic defects in COPD are increased dead
space, severe ventilation-perfusion misdistributions, marked
airﬂow limitation, air trapping and hyperinﬂation. The conse-
quence would be an increase in physiologic dead space and an
impaired ability to excrete carbon dioxide [15]. Such defects
frequently result in poor oxygenation and hypercerapnia [16].
Patients with AECOPD may need MV support in order to
relieve excessive dyspnea, improve the gas exchange, sustain
alveolar ventilation and unload the respiratory muscles [17].
It is crucial to identify the right time to extubate a patient,
since re-intubation after pre-term extubation is associated with
an increased risk for nosocomial pneumonia, prolonged in
ICU stay and death, and also accounts for substantially
increased costs. On other hand unnecessary prolongation of
mechanical ventilation increases the risks of complications
including bronchopulmonary infections, barotrauma, cardio-
vascular compromise, tracheal injuries, and oxygen toxicity
[18].
A patient’s breathing pattern may be stable for a short per-
iod during the weaning process, only to deteriorate a few hours
later [11]. On the other hand, one minute may not be long
enough for a patient to fully develop respiratory drive, so
RSBI1 may not reﬂect respiratory muscle endurance before
extubation. These limitations may contribute to the lower
accuracy of RSBI1 compared to that of RSBI2 [19]. Biological
Table 6 Predictive values of RSBIpsv1 and RSBIpsv2 values.
RSBIpsv Cut-oﬀ Sensitivity % Speciﬁcity % +PV % PV % Diagnostic accuracy % AUC 95% CI +LR
RSBIpsv1 51 64.7 57.6 70.2 51.4 61.9 0.609 0.496  0.713 1.53
RSBIpsv2 57 60.8 54.6 67.4 47.4 58.4 0.545 0.432  0.654 1.34
+PV: positive predictive value, PV: negative predictive value.
Table 7 Results of z-test for pair-wise comparisons between
areas under the curve (AUC) of the RSBIpsv1 and RSBIpsv2.
z-statistic P-value
1.259 0.208
Signiﬁcant at P 6 0.05.
Table 9 Results of z-test for pair-wise comparisons between
areas under the curve (AUC) of the RSBIsp1 and RSBIsp2.
z-statistic P-value
1.530 0.126
Signiﬁcant at P 6 0.05.
Table 10 Statistical comparison of PaCO2  PeCO2 differ-
ence in the two groups.
PaCO2  PeCO2 Success (n= 51) Failure (n= 33) P-value
Mean ± SD 8.5 ± 4.3 19.8 ± 6.9 <0.001*
* Signiﬁcant at P 6 0.05.
Table 11 Statistical comparison of VD/VT at the end of SBT
in the two groups.
Success (n= 51) Failure (n= 33) P-value
VD/VT
Mean ± SD 0.35 ± 0.20 0.59 ± 0.21 <0.001*
* Signiﬁcant at P 6 0.05.
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expected, so comparing measurements over a period of time
is important for validating RSBI [11].
The use of indices to predict weaning outcome can avoid
premature extubation and unnecessary prolongation of venti-
latory support. The RSBI was more accurate and powerful
in predicting weaning outcome than other traditional indices
[12].
This study involved 84 known cases of COPD who were
diagnosed from history, clinical examination, and radiology.
All of them were in acute exacerbation with acute on top of
chronic type II respiratory failure based on ABG analysis,
and were mechanically ventilated. Once the patient fulﬁlled
the weaning criteria, the present study investigated the value
of RSBI measured at the beginning and termination of SBT
as a predictor of weaning outcome using both PS method
and T tube.
When PS was used to measure the RSBI, there was no sta-
tistically signiﬁcant difference between the success and failure
groups regarding both RSBIpsv1 RSBIpsv2. When spirometry
was used, there was no statistically signiﬁcant difference in
RSBIsp1 between the two groups, while for RSBIsp2, success-
ful weaning cases showed a statistically signiﬁcant lower mean
value than failure cases.
Our results have shown also that there was a statistically
signiﬁcant increase in mean RSBIpsv in successful cases. While
for failure cases, there was no statistically signiﬁcant change in
RSBIpsv.
This contrasts with the results of Kuo et al. [12] who found
that RSBI measured at the completion of SBT using PS
(RSBIpsv2) was superior to that measured at the start
(RSBIpsv1) in predicting weaning outcome in critically ill
patients.
Also our result was not matching with the results of Chatila
et al. [20] who reported that RSBI measured at 30 min of an
SBT using PS was a better predictor of weaning outcome than
RSBI1 (measured at the initiation of SBT).Table 8 Predictive values of RSBIsp1 and RSBIsp2 values.
RSBIsp Cut-oﬀ Sensitivity % Speciﬁcity % +PV % P
RSBIsp1 67 53.1 71.9 74.3 50.
RSBIsp2 80 67.4 59.4 71.7 54.
+PV: positive predictive value, PV: negative predictive value.The present study also found that there was no statistically
signiﬁcant change in RSBIsp in successful cases. While for fail-
ure cases, there was a statistically signiﬁcant increase in mean
RSBIsp.
Although there was a paucity of studies comparing between
RSBIsp1 and RSBIsp2, our ﬁndings were supported by Segal
et al. [21], in which the authors measured respiratory rate
(RR), tidal volume (VT) and RSBI every 30 min during 2 h
T-piece SBT. Change in respiratory parameters was assessed
as percent change from baseline. They demonstrated that the
RSBI increase (<5% as the threshold) at the 30th minute of
SBT could predict extubation.
The effect of continuous positive airway pressure (CPAP)
on RSBI has important clinical implications because the criti-
cal value of RSBI for weaning, promoted by the original RSBI
study, is still in general use [9].
Since Yang [22] reported RSBI to be the most accurate pre-
dictor of extubation failure, several researchers have tested
RSBI. The threshold RSBI values reported in these studiesV % Diagnostic accuracy % AUC 95% CI +LR
0 60.5 0.580 0.465  0.689 1.89
3 64.3 0.669 0.555  0.769 1.66
Table 12 Predictive value of VD/VT.
Cut-oﬀ Sensitivity % Speciﬁcity % +PV % PV % Diagnostic accuracy % AUC 95% CI +LR
0.40 72.9 76.5 81.4 66.7 74.4 0.793 0.689  0.875 3.1
+PV: positive predictive value, PV: negative predictive value.
Figure 1 ROC curve for VD/VT in predicting outcome.
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partly because of variations in physiologic lung volume and
anthropometric parameters of the patients [23].
Yang and Tobin [9] found a RSBI value 6 105 breaths/
min/L predicts successful weaning attempt, while
RSBI > 105 breaths/min/L predicts unsuccessful weaning.
Applying Yang and Tobin’s [9] RSBI value to the patients in
the present study, our results revealed that 13% of the success-
fully weaned patients were above the critical value while on T-
piece, yet only 2% of the successfully weaned patients were
above it on PS.
ROC curve analysis of RSBIpsv1 and RSBIpsv2 in the pre-
sent study showed cut-off values of 51 and 57, respectively.
RSBIpsv1 showed a higher diagnostic accuracy (61.9%) com-
pared to RSBIpsv2 which showed a diagnostic accuracy of
58.4%. These results were in accordance with Frutos et al.
[24] who suggested, a cutoff of RSBI 6 57 cycles/min/L for
patients on mechanical ventilation for more than 48 h who suc-
cessfully passed the SBT on PS as a predictor of successful
extubation in medical ICU patients from eight countries.Table 13 Results of binary logistic regression analysis for the signi
Variables B SE O
RSBI2 (spirometry) 0.029 0.010 0
PaCO2  PeCO2 diﬀerence 0.225 0.038 0
B: regression coefﬁcient, SE: standard error, OR: odds ratio.
* Signiﬁcant at P 6 0.05.In contrast, Zhang et al. [25] who found that the threshold
value of RSBIpsv (75 breaths per min/L) is accurate than other
values for predicting successful weaning.
Our results also differed from the results of Kuo et al. [12]
they found that the best accuracy of RSBIpsv2 (75%) was
achieved when a threshold value of 88 was used, with a sensi-
tivity, speciﬁcity, positive predictive value, negative predictive
value and likelihood ratio of 0.83, 0.64, 0.78, 0.70 and 2.31,
respectively.
ROC curve analysis of RSBIsp1 and RSBIsp2 in the present
study showed cut-off values of 67 and 80, respectively.
RSBIsp2 showed a higher diagnostic accuracy (64.3%) com-
pared to RSBIsp1 with a sensitivity, speciﬁcity, positive predic-
tive value and negative predictive values of 67.4%, 59.4%,
71.7%, and 54.3% respectively.
Our RSBIsp1 cut-off value was in agreement with the study
of Fadaii et al. [26] where patients underwent ventilation for
1 min by PEEP:0 and PSV:0 and then RSBI was measured.
They found from a total of 63 patients, 48 (77%) had
successful weaning with mean RSBI of 65. Similarly the study
of Gonc¸alves et al. [27], who found that the mean value for
RSBI in patients who progressed toward extubation was
61 in spontaneously breathing patients.
In contrast the study done by Zhang et al. [25] who found
that the threshold value of RSBIsp that was 100 breaths per
min/L, was more accurate than other values for predicting
successful weaning.
This strongly suggests that the critical RSBI value should
be different for patients on CPAP with or without PS versus
T-piece.
The dead space (Vd) is the component of ventilation that is
wasted, since it does not participate in gas exchange [15]. The
dead space fraction (Vd/Vt) has already been used in the iden-
tiﬁcation of pulmonary thromboembolism [28], in the manage-
ment of COPD [29], in the determination of pulmonary
dysfunction in adults with sepsis [30] and as a discriminant fac-
tor in weaning from MV among children [31]. Prediction of
dead space can be used as an index to estimate successful
weaning in ventilated patients; furthermore, it is an objective
monitor of pulmonary disease progression [32].
Successful weaning cases in our study showed statistically
signiﬁcant lower mean PACO2–PECO2 difference than failureﬁcant predictors of outcome.
R 95% CI P-value
Lower limit Upper limit
.971 0.953 0.990 0.002*
.715 0.682 0.894 <0.001*
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[33] who found extubation failure was associated with an
increase in the CO2 gradient due to a decrease in ETCO2. Also
Ong et al. [34] found that elevated pulmonary dead space frac-
tion is associated with prolonged mechanical ventilation and
hospital stay in children who undergo surgery for congenital
heart disease and is a useful clinical variable.
On the other hand, Farah and Makboul [16] concluded that
Vd/Vt does not afford a reliable value in estimating the dura-
tion of MV in patients with acute respiratory failure due to
COPD.
The present study, clearly revealed that successful cases
showed statistically signiﬁcant lower mean VD/VT (alveolar
dead space) values than failure cases.
Our results agreed with the results of Helmy et al. [35] who
assessed the usefulness of alveolar dead space as a predictor of
weaning failure or success of mechanically ventilated COPD
patients. They came to a conclusion that increased alveolar
dead space can be considered as a signiﬁcant predictor of
weaning failure in COPD patients.
Our results were also in accordance with Ozyilmaz and
Gursel [36], where it has been postulated that the highest
Vd/Vt values measured on the ﬁrst day of hospitalization
could be an early predictor of extubation failure.
In contrast Bousso et al. [31] who found in a pediatric pop-
ulation receiving mechanical ventilation due to a variety of eti-
ologies, the VD/VT ratio was unable to predict the
populations at risk of extubation failure or of reintubation.
ROC curve analysis of VD/VT in the present study showed
a cut-off value of 040. and the sensitivity, speciﬁcity, positive
predictive value, negative predictive value in predicting extuba-
tion failure according to the ROC curve were 72.9%, 76.5%,
81.4%, and 66.7% respectively.
Our results agreed with the results of Helmy et al. [35]
where the cut-off value in predicting extubation failure accord-
ing to the ROC curve was P48%, with sensitivity, speciﬁcity,
positive predictive value and negative predictive values of
80%, 76.67%, 53.33%, and 92% respectively. Our results were
also in agreement with Hubble et al. [37] who found in an anal-
ysis of 45 pediatric patients, Vd/Vt values of 60.50 calculated
30 min before extubation to be associated with success, while
Vd/Vt > 0.65 was identiﬁed with the need for additional respi-
ratory support after extubation. For a cut-off point of
Vd/Vt = 0.50, the study showed a sensitivity of 0.75% and a
speciﬁcity of 0.92%.
Ozyilmaz and Gursel [36] on the other hand suggested a
higher cut-off point ofP0.60 for prediction of extubation fail-
ure according to their ROC curve.
Also Riou et al. [38] on their study found that Children with
VD/VT ratio 6 0.55 had a high probability of successful
extubation.
We concluded from our results that RSBI measured
through spirometry at the end of spontaneous breathing trial
while patients were spontaneously breathing, is a better predic-
tor of weaning outcome than RSBI measured through pressure
support. Our result also reveal that dead space fraction
(Vd/Vt) together with PACO2–PECO2 difference are good
adjunctive tools for predicting weaning outcome in type II res-
piratory failure. Further studies are needed to evaluate the role
of modiﬁed RSBI adjusted with anthropometric parameters
e.g. Body mass index (BMI) in prediction of extubation failure
in mechanically ventilated COPD patients.Conflict of interest
No conﬂict of interest.
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